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M60A1A0S TANK GUNNERY DATA HANDBOOK 


INTRODUCTION 


The purpose of the first phase of the IDOC-II ("Identi- 
fication of Doctrine for Tank Crews") project was the develop- 
ment of a criterion-referenced test of tank crew marksmanship. 
During the course of developing the model test it was 
necessary to review and compile information on current tank 
gunnery doctrine, so as to generate a data base which could 
be viewed as representing the entire domain of tank gunnery. 
That is, the domain would represent all possible ways (under 
current weapon system capability and doctrinal constraints) 
that the M60AlA@S main battle tank could engage unfriendly 
forces. Further, the content requirements of the test devel- 
opment methodology made it necessary that these descriptions 
of engagement conditions be extremely detailed. While a 
description of the process of developing the model test is 
presented elsewhere (Wheaton, Fingerman, & Boycan, 1978) it 
was felt that a separate presentation of the data base, 
representing the job-objectives comprising the domain of 
M60A1AMS tank gunnery as it stood in the summer of 1977, 
would be valuable. Such a presentation is the purpose of 


this document. 


The next section (Met}.od) reviews the history of the 
gunnery objectives, and hiw they evolved into their present 
form. The final sections (in the form of four appendixes) 
present the ,;ob objectives and their component behavioral 
elements, together with a description of the computer pro- 
grams used to analyse them. 
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METHOD* 


Initial specification of the domain of tank gunnery was 
based on an earlier effort (IDOC-I) in which a list of 225 
job objectives was developed (Kraemer, Boldovici, and Boycan, 
1976). These objectives defined all possible ways that targets 
could be neutralized with the main gun, coaxial machinegun, 
and .50 caliber machinegun weapons of the M60A1A@S tank 
system. The description of each objective in the pool of 225 
consisted of three components: a conditions statement, a task 
statement, and a standards statement. A typical objective 
was: 


Given (a) a stationary M60Al1A%S tank with 
the main gun battlesighted with SABOT or HEAT, 
(b) an operational gunner's day periscope, 
and (c) a stationary tank or light-armored 
vehicle target that is visible at less than 
1100 meters without artificial light at day 
or night; the gunner will open fire within 
7 seconds of the alert element of the tank 
commander's (TC's) command, and neutralize 
the target within 12 seconds, using no more 
than two rounds. 


Each of the objectives was written in the form of the 
example cited above. The task and standards components of 


the cojectivee were, in all cases, 


", . .open fire within seconds of the 
alert. . ., and neutralize the target within 
seconds, using no more than rounds." 


Objectives for inclusion in the pool were formed by 
combining levels of 11 conditions associated with hypothetical 5 
engagements and attaching these combinations to the task and ; 
standards statements. The 11 conditions were: crew member 
firing, weapon, fire-delivery method, firing vehicle motion, ‘ 
target motion, target type, target visibility, target range, ia 
day vs. night firing, fire-control instrument, and ammuni- | 
tion. Levels within each condition are listed in Table l. 


* This section is adapted from Wheaton, Fingerman, & Boycan, 
1978. 
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(Adapted from Kraemer, et al. 1976) 


Table 1. Engagement Conditions and Levels of Conditions Used to Define the Job-Objective Pool 
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Several sets of revisions were made in the 225 job 
objectives defined by Kraemer, et al. (1975). The revisions 
were undertaken to reflect emerging gunnery doctrine, and 
in response to reviews by the project staff and by personnel 
from the Weapons Department of the U.S. Armor School and the 
Directorate of Training Developments, Fort Knox, Kentucky. 
When deciding whether to modify, delete, or add an objective, 
the reviewers were guided by the capabilities of the M601A9S 
weapon system and current doctrine and not by what kinds of 
engagements form the basis of training or by what engagements 
are typically fired. The original pool of objectives 
included, for example, precision engagements fired from 
moving tanks. Current doctrine dictates; however, that the 
firing vehicle will come to a brief halt before engaging tar- 
gets in the precision mode. Thus, in order to update the 
domain in accordance with this doctrinal change, precision 
engagements fired on-the-move were redefined to be fired after 
moving to a halt. Other changes in doctrine led, for example, 
to the deletion of coaxial machinegun engagements fired in 
the precision mode, as well as main gun engagements fired 
by the tank commander at night with the aid of his meta- 
scope. Still other objectives were added to the original 
pool to reflect possible encounters with aircraft targets, 
moving targets in range-card-lay-to-direct-fire engagements, 
etc. Collectively, these revisions resulted in a net addi- 
tion of 41 job objectives, increasing the pool from 225 to 
266. : 


Once the job objectives forming the gunnery domain had 
been defined in terms of system capabilities and doctrinal 
constraints, the next step was to characterize each job 
objective in behavioral terms. 


Detailed descriptions of the activities of each crew 
member (i.e., tank commander, gunner, driver, and loader) 
were developed for each of the 266 tank gunnery job objec- 
tives. Members of the project staff who were subject-matter 
experts listed the behavioral elements for each crew member 
involved in each job objective. Examples of behavioral 
elements are: "Loader announces 'Up'", "Gunner indexes HEP", 
and "Gunner levels bubble." 


Certain "system state" assumptions had to be made early 
in the analysis in order to achieve consistency in specifying 
which behavioral elements were and were not included in each 
objective. If the weapons were assumed to be loaded, for 
example, then the behavioral elements involved in a target 
engagement would be different from those that would be 
involved if the weapons were assumed to be unloaded. Speci- 
fying the ground rules under which the analysis would occur 
began with two sets of assumptions: 
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1. If the target to be engaged ix visible without 
artificial illumination, then the firing vehicle will be in 
the battlesight mode, in which all weapons are loaded and 
SAFED, and the firing switches are OFF. The turret power, 
computer, primary direct fire control instruments, main gun 
stabilization system are ON; and the caliber fifty machine- 
gun rate of fire selector is in LOW. Depending on type of 
target being engaged, the appropriate ammunition is indexed 
into the computer and the corresponding range is indexed 
into the rangefinder (e.g., 1100 meters for HEAT and 1600 
meters for SABOT). 


2. If the target to be engaged is not visible under any 
circumstances, or is visibile only if artifically illuminated, 
then the firing vehicle will be in the range card mode, in 
which a range card has been made out for HEP ammunition, the 
main gun is not loaded, and the brakes are locked. The 
machineguns are fully loaded and all weapons are SAFED. The 
turret power, computer, primary fire control instruments, 
main gun stabilization system, and the firing switches are 
OFF. 


Additional assumptions, pertaining to weapons, ranging, 
fire control instruments, firing vehicle and target motion, 
and range were also required: 


3. When firing using the range-card-lay-to-direct-fire 
mode, ranging is required, regardless of range, once the 
target is illuminated with either white light or illuminating 
shell. 


4. The Tank Commander will not range on main gun targets 
at night using the metascope attached to the rangefinder. 


5. Ranging and tracking are right-handed operations for 
the Tank Commander and cannot be performed at the same time. 
When firing from a moving vehicle or at a moving target, the 
Tank Commander is therefore not ranging. 


6. When firing the coaxial machinegun in the battle- 
sight mode, the Tank Commander will announce "Coax, Battle- 
sight" in the ammunition element of the fire command. 


7. When firing the coaxial machinegun, the Tank Commander 
will estimate range. 


8. Although aim-off is only applied at ranges beyond 
1600 meters, aim-off is considered a relevant task element 


to be included in those job objectives where the range given 
in the job objectives is either 500 to 3200 meters or 1100 to 
3200 meters. 
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9. When the Tank Commander is firing the main gun 
because the gunner cannot identify the target, the gunner 
is using the sight that is appropriate for the target engage- 
ment (i.e., periscope for SABOT or HEAT, telescope for HEP 
or BEEHIVE) . 


10. Targets to be engaged using battlesight are engaged 
while the firing vehicle is stationary, on the move, or from 
a brief halt. 


11. Targets to be engaged using precision gunnery are 
engaged while the firing vehicle is stationary, or has come 
to a brief halt. 


12. Targets to be engaged using range card data are 
engaged from the static position at which the range card was 
prepared. 


13. When the Tank Commander is firing at a moving target 
using range-card-lay-to-direct-fire, he fires using the range 
indexed into the range finder. 


14. Troops are considered to be stationary area targets 
for machinegun engagements, while bunkers, crew-served weapons, 
and light-armored vehicles are considered stationary point 
targets. 


15. Because of difficulties in ranging, main gun engage- 
ments occur at ranges > 500 meters. 


16. The coax machinegun ranges are < 900 meters. 


17. The infrared engagements are conducted at a range of 
< 1000 meters between the target and the firing vehicle (and 
the target and illuminating vehicle). 


i 18. The ranges for battlesight HEAT engagements are 
: < 1100 meters. 


: 19. Beehive precision engagements are fired at ranges 
' < 1200 meters. 


20. The ranges for battlesight SABOT engagements are y 
< 1600 meters. 


21. The ranges for caliber .50 engagements with the TC 
periscope and non-aircraft targets are restricted to < 1600 
meters. 


22. HEP engagements of moving targets are limited to 
ranges < 1600 meters. 


23. The ranges for caliber .50 engagements with the TC 
periscope and aircraft targets are restricted to < 2300 meters. 


24. Gunner periscope precision and RCLDF engagements can 
be fired at ranges < 4400 meters. 


25. Telescope precision engagements can be fired at 
ranges < 3200 meters. 


26. Telescope RCLDF SABOT/HEAT engagements can be fired 
at ranges < 4400 meters. 


27. Rangefinder engagements can be fired at ranges 
< 4400 meters. 


28. Night engagements are fired with white-light or 
flares at ranges < 1600 meters and flares at ranges < 4400 
meters. 


These assumptions pertain to conditions that exist during and 
shortly before target engagement. Assumptions also had to 
be made about the termination of target engagements. 


Recall that the job objectives do not specify whether a 
first- or second-round hit is to be achieved. The possibility 
of accomplishing a job objective in more than one way (i.e., 
neutralizing a target with the first or second round) presented 
a problem for the present analysis, because the number and 
kinds of behavioral elements in any job objective will differ 
depending on whether or not a first-round hit is achieved. 

The obvious way to solve this problem is to assume either that 
all engagements will terminate in a first-round hit, or that 
all engagements will result in a first-round miss followed 

by adjustment of fire and refiring. Because neither of these 
assumptions is consistent with the results of real target 
engagements, we were reluctant to adopt one or the other; 

and since no a priori compromise was apparent, two data 
matrices were generated -- one which identified the task 
elements involved in accomplishing each objective via a first- 
round hit, and another which identified the task elements 
involved in accomplishing each objective by firing, missing, 
adjusting fire, firing again, and achieving a second-round 
hit. 


To facilitate the behavioral descriptions, a job objec- 
tive/behavioral element data matrix was generated as shown 
in Pigure 1. Arabic numerals were assigned to each of the 
226 job objectives and were entered along the left margin of 
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Figure 1. Job objective-behavioral element data matrix. 
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a large matrix. The analysts then listed the task elements 
for each crew member involved in the first job objective 
and coded these by entering numbers across the top of the 
Matrix. A "1" was then entered under each task-element 
number in the row for Objective #1, indicating that perfor- 
mance of the objective required performance of each of the 
A behavioral elements in the row. The behavioral elements for . 
Objective #2 were then specified. Any new elements -- ones 
that were not included in Objective #1 -- were coded and 
their numbers added to the top row of the matrix. The same 
a was done for Objective #3 and for the remaining 263 objectives. 
An example of the specification of behavioral elements is 
given for Objective #5 in Table 2. When coded and entered 
into the eighth (objective) row in the data matrix (Figure 
1), these behavioral elements would describe a pattern of 
"1""'s and "0"'s uniquely associated with Objective #5. A 
"1" indicated that a behavioral element occurred during the 
crew's performance of that objective, while "0" entries indi- 
cated elements that were not involved. 
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The number of behavioral elements required to describe 
the 266 objectives using the first~round hit assumption was 
114. An additional 21 elements were associated with subse- 
quent-round engagements in which fire was adjusted by means 
of either burst-on-target technique (eight additional elements), 
a standard range adjustment (six additional elements), or a 
subsequent fire command (seven additional elements). As 
indicated earlier, which of these three methods (if any) should 
be appended to the description of the basic objectives would 
ultimately depend upon after-the-fact information about a 
specific engagement. That is, did the first round miss and 
if so, what method of adjustment was appropriate? In light 
of this indeterminacy, and the fact that inclusion of a 
subsequent method of engagement would at most increase the 
pool of behavioral elements by only 7 percent (8/114), it was 
decided to use only the primary pool of 114 elements asso- 
ciated with firing of the first round. The list of behavioral 
elements used to describe the objectives is presented in 
Table 3.* 
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As with the set of job objectives, the list of task elements 
was revised several times with the assistance of the Weapons 
Department of the Armor School at Fort Knox. This process 

‘ continues as doctrine and practice are revised. Two of the 

114 elements were deleted while the work described here was 

in progress (see Table 3). 


Table 2. SAMPLE JOB OBJECTIVE DESCRIBED IN TERMS OF TASK ELEMENTS 
AND ELEVEN GENERAL CONDITIONS 


Job Objective No.5 Crew Member: Gunner Weapon: Main Gun Firing Mode: Battlesight 
Vehicle Motion: Moving Target Motion: Moving Target Type: Tank or LAV 

Target Visibility: Visible Target Range: <<1600 Meters Day/Night: Day or Night 
Fire Control Instrument: Telescope Ammunition: Sabot or Heat 


TANK COMMANDER BEHAVIORS: 


1 TC Announces “Gunner” 
TC Announces ‘‘Battlesight’’ 
TC Announces “Moving” 
TC Announces Target Description 
TC Lays Gun for Direction 
TC Announces “Fire” or “At My Command, ... Fire’’ 


GUNNER BEHAVIORS: 
36 Gunner Turns on Main Gun Switch 
42 Gunner Selects Sabot or Heat Reticle 
47 Gunner Announces “‘Identified”’ 
74 Gunner Applies Lead in Direction of Target Apparent Motion 
77 Gunner Lays Rangeline Leadline at Center of Base of Target 
94 Gunner Times Shot 
98 Gunner Announces “On the Way”’ 
100 Gunner Fires Main Gun 
LOADER BEHAVIORS 
14 Loader Uniocks Ammo Ready Rack 
26 Loader Selects Sabot or Heat 
31 Loader Places Main Gun Safety in Fire Position 
33 Loader Announces “Up” 


DRIVER BEHAVIORS 
8 Driver Maintains Steady Rate of Speed 
9 Driver Maneuvers Tank for Firing 
10 Driver Announces Adverse Terrain Conditions 


Table 3 


BEHAVIORAL ELEMENT DESCRIPTIVE LABELS 


a Tank Commander Elements 


1 TC ANNOUNCES "GUNNER" 
#2 TC ANNOUNCES “GUNNER, DIRECT FIRE" 
TC ANNOUNCES “CALIBER FIFTY" 
TC PLACES CALIBER FIFTY SAFETY IN FIRE POSITION 
TC PLACES CALIBER FIFTY SELECTOR IN HIGH RATE OF FIRE POSITION 


TC ANNOUNCES “SABOT" OR “HEAT” 
TC ANNOUNCES "HEP" 
TC ANNOUNCES "BEEHIVE TIME" 
10 TC ANNOUNCES “AREA FIRE" OR “ONE, TWO....ROUNDS, HEP” 


VW TC ANNOUNCES "INDEX HEP, FIRE SABOT" OR "INDEX HEP, FIRE HEAT" 
12 TC ANNOUNCES “COAX" 
*13 TC ANNOUNCES "“WHITELIGHT" 

14 ~—s- TC ANNOUNCES "REDLIGHT" 

15 — TC LAYS GUN FOR DIRECTION 

16 TC ANNOUNCES "INDEX HEP, FIRE BEEHIVE" OR "BEEHIVE, TIME" 

17 ~—s TC_INDEXES RANGE INTO RANGEFINDER ; 

18 TC ANNOUNCES TARGET DESCRIPTION 

19 TC ANNOUNCES "MOVING" 

20 TC ANNOUNCES "DRIVER, STOP" 


21 TC RANGES 

22 ~—=TC ANNOUNCES RANGE. 

23. = TC ANNOUNCES DEFLECTION 

24 TC VERIFYS DEFLECTION READBACK 

a 25 = TC ANNOUNCES QUADRANT ELEVATION 

4 26 TC VERIFYS QUADRANT ELEVATION READBACK 

4 27 TC LAYS CROSSHAIR AT CENTER OF BASE OF TARGET 

28 TC LAYS CROSSHAIR AT CENTER OF TARGET VULNERABILITY 
29 = TC APPLIES AIM-OFF (RANGE > 1600 METERS) 

30 TC APPLIES LEAD IN DIRECTION OF OWN GUN TRAVERSE 


31 TC APPLIES LEAD IN DIRECTION OF TARGET APPARENT MOTION 
32 TC LAYS CROSSHAIR LEADLINE AT CENTER OF BASE OF TARGET 
33. TC LAYS RANGELINE AT CENTER OF TARGET VULNERABILITY 
34 TC LAYS RANGELINE LEADLINE AT CENTER OF Mia: 28 VULNERABILITY 
35 TC ANNOUNCES “FIRE” OR “AT MY COMMAND, 
36 TC ANNOUNCES "FROM MY POSITION" 
37 TC MAKES FINAL PRECISE LAY 
~ 38 TC TIMES SHOT 
39 TC ANNOUNCES "ON THE WAY" 
40 TC FIRES MAIN GUN 


* Not currently used. 


Table 3 (Contimed) 


BEHAVIORAL ELEMENT DESCRIPTIVE LABELS 


Tank Commander Elements (Cont'd.) 


TC FIRES COAX 

TC FIRES CALIBER FIFTY 

TC LAYS CROSSHAIR LEADLINE AT CENTER OF TARGET VULNERABILITY 
TC ADJUSTS CALIBER FIFTY MACHINEGUN BURST FOR POINT TARGETS 
TC ADJUSTS CALIBER FIFTY MACHINEGUN BURST FOR AREA TARGETS 
TC ADJUSTS COAXIAL MACHINEGUN BURST FOR POINT TARGETS 

TC ADJUSTS COAXIAL MACHINEGUN BURST FOR AREA TARGETS 

TC FIRES CONTINUOUS BURST AT AIRCRAFT TARGETS 

TC TURNS RANGEFINDER RETICLE SIGHT ON 

TC ESTIMATES RANGE 


TC ADDS 5 MILS ELEVATION (RANGE > 400 METERS) 
TC LAYS COAX FOR DIRECTION ON EDGE OF TARGET 
TC TURNS INFRARED SIGHT ON 

TC LAYS M85 FOR DIRECTION ON EDGE OF TARGET 


Gunner Elements 


GUNNER TURNS ON TURRET POWER 

GUNNER TURNS ON MAIN GUN SWITCH 

GUNNER TURNS ON COAX SWITCH 

GUNNER INDEXES HEP 

GUNNER INDEXES APERS 

GUNNER SELECTS SABOT OR HEAT RETICLE 
GUNNER SELECTS HEP RETICLE 

GUNNER ANNOUNCES "IDENTIFIED" 

GUNNER ANNOUNCES “CANNOT IDENTIFY" 
GUNNER TRAVERSES TO ANNOUNCED DEFLECTION 


GUNNER READS BACK DEFLECTION 
GUNNER INDEXES ANNOUNCED QUADRANT ELEVATION 
GUNNER READS BACK ‘pga ELEVATION. 


VE 
GUNNER LAYS CROSSHAIR AT CENTER OF BASE OF TARGET 
GUNNER LAYS RANGELINE AT CENTER OF BASE OF TARGET 
GUNNER LAYS CROSSHAIR AT CENTER OF TARGET VULNERABILITY 
GUNNER LAYS RANGELINE AT CENTER OF TARGET VULNERABILITY 


Driver Elements 


Loader Elements 


Soda pe et iy a 


Table 3 (Continued) 
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BEHAVIORAL ELEMENT DESCRIPTIVE LABELS 


a tn eh eneeneteneeee! 


- Gunner Elements (Cont'd.) ; 
75 GUNNER APPLIES AIM-OFF (RANGE >1600 METERS) 
76 GUNNER LAYS CIRCLE RETICLE AT CENTER OF TARGET 
a 77 GUNNER APPLIES LEAD IN DIRECTION OF OWN GUN TRAVERSE 
78 GUNNER APPLIES LEAD IN DIRECTION OF TARGET APPARENT MOTION 
79 GUNNER LAYS CROSSHAIR LEADLINE AT CENTER OF BASE OF .TARGET 
80 GUNNER LAYS RANGELINE LEADLINE AT CENTER OF BASE OF TARGET 
81 GUNNER LAYS CROSSHAIR LEADLINE AT CENTER OF TARGET VULNERABILITY 
82 GUNNER LAYS RANGELINE LEADLINE AT CENTER OF TARGET VULNERABILITY 
83 GUNNER LAYS CIRCLE RETICLE AT INTERPOLATED LEAD POINT FOR TARGET 
84 GUNNER MAKES FINAL PRECISE LAY 
85 GUNNER TIMES SHOT 
86 GUNNER ANNOUNCES "ON THE WAY" 
87 GUNNER FIRES MAIN GUN 
88 GUNNER FIRES COAX 
89 GUNNER ADJUSTS COAXIAL MACHINEGUN BURST FOR POINT TARGETS 
90 GUNNER ADJUSTS COAXIAL MACHINEGUN BURST FOR AREA TARGETS 
91 ao "SABOT INDEXED" OR "HEAT INDEXED" OR “BEEHIVE 
xX iy 
92 GUNNER TURNS INFRARED SIGHT ON 
“4 GUNNER ADDS 5 MILS ELEVATION (RANGE > 400 METERS) 


GUNNER LAYS COAX FOR DIRECTION ON EDGE OF TARGET 


DRIVER MAINTAINS STEADY RATE OF SPEED 
ORIVER MANEUVERS TANK FOR FIRING 

DRIVER ANNOUNCES ADVERSE TERRAIN CONDITIONS 
DRIVER MOVES TO HULL DOWN FIRING POSITION 
DRIVER BRINGS TANK TO A SMOOTH GRADUAL HALT 
DRIVER BRAKES 


LOADER UNLOCKS AMMO READY RACK 

LOADER SELECTS SABOT OR HEAT 

LOADER SELECTS HEP 

LOADER SELECTS BEEHIVE 

LOADER UNLOADS on ce a 

LOADER LOADS MAIN 

LOADER PLACES MAIN UN SAFETY IN FIRE POSITION 
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Table 3 (Continued) 


BEHAVIORAL ELEMENT DESCRIPTIVE LABELS 


Loader Elements (Cont'd. ) 


LOADER PLACES oe rev IN FIRE POSITION 
LOADER ANNOUNCES 
Lonoen ANNOUNCES HE , UP” 
QADER ANNOUNCES “BEENIVE, up" 
LOADER SETS BEEHIVE FUZE SETTING TO ANNOUNCED RANGE 
LOADER STOWS ROUND 
LOADER MOVES TO POSITION FOR OBSERVATION 


The description of job objectives in terms of behavioral 
elements was required in order to analyze objectives in the 
gunnery domain for test development purposes. First, the 
data matrix indicating which objectives contained which crew 
A behaviors was subjected to a statistical procedure known as 
: 4 Cluster analysis. This analysis was undertaken to find groups 
of job objectives that were relatively similar or homogeneous 
in terms of their behavioral content. The result was a set 
of 16 clusters, containing anywhere from two to 56'job objec- 
. tives each. Because of the similarity or homogeneity of content 

within each cluster, and the relative heterogeneity across 
clusters, these groupings represent organized "chunks" of 
4 crew gunnery which may be used to prepare training programs, 
; . or, as in the case of this project, to sample items for test 
q development. 


The final step in the analysis of the gunnery-objective/ 
behavioral-element data was to determine, within each cluster, 
the single objective which best represents all of the other 
objectives in the cluster. A formula was developed which 
theoretically predicts the “generalizability" of performance 
from each objective in a cluster to the remainder of the 
cluster. Thus, each objective in a cluster could be charac- 
terized in terms of the likelihood that performance on that 
objective would be consistent with performance on each of the 
remaining objectives in the cluster. In the present project, 
such generalizability was one criterion used to sample test 
items from within each cluster. 


Se ee 


SS ee eee 


It became clear in the course of the project that a 
presentation of the detailed task analytic data in expanded 
form (see Table 2) would be of value to task analysts, 

: 3 designers of operational and training equipment, and personnel 
j 4 responsible for training and evaluating armor crewmen. In 

H 4 addition it serves as a detailed record of the data employed 
in the present project. Tabular descriptions of the tank 
gunnery objectives were therefore prepared, using a computer 

} program and data from the 0/1 objective/element matrix. 

i q Appendix A of this report consists of those descriptions, 

} . # organized by cluster or family of gunnery objectives, and 

j within clusters by generalizability. 


Appendix B contains two algorithms. The first is used 

° to estimate generalizability as discussed earlier in this 
report. The second should be of particular interest to a 
variety of personnel since it enables one to determine what 
percentage of the fundamental behavioral elements are 
included in any set of exercises. Such information obviously 
would be of value in designing training tables or in con- 
structing tests of particular aspects of gunnery. 
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Appendix C contains a listing of the program used to 
generate generalizability estimates for sets of objectives 
and/or information about the coverage of behavioral elements. 
Readers interested in further details of the analytic process 
are referred elsewhere (Wheaton et al., 1978). 


The job-objective numbering system used by Wheaton et 
al. has been revised to simplify this report. A cross-reference 
from the numbers used by Wheaton et al. to those used in is 
Appendix A is included as Appendix D. 
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COMPONENT BEHAVIORAL ELEMENTS 


| = This appendix contains detailed descriptions of each 


££ of the 266 job objectives identified for crew gunnery on the 
M60A1A9S tank. The material is organized as follows: 


The 266 job objectives are organized by cluster, and 
are presented one to a page in order of decreasing 
generalizability within the cluster. 


Each cluster begins with a summary page, listing the 
objectives included in the cluscer (ordered by decreasing 
generalizability), and the conditions of engagement 

that define each objective. 


Table A-1 shows the numbers of job objectives included in 
each cluster, and a general description of the content of 
8B a objectives in the cluster. 


ws Cidade a NRE a aE ee Rt 


TABLE A-~-1 


Table of Contents for Detailed Job 
Objective Task Analysis Data 


Cluster First 
Number Objective* 


1 


thru 


2 


*See also Appendix D. 


Last 
Objective 


General Description of 
Cluster 


Gunner, Main Gun, Battle- 
sight, SABOT/HEAT 


TC, Main Gun, Battlesight, 
SABOT/HEAT 


Gunner, Main Gun, Preci- 
sion, SABOT/HEAT 


TC, Main Gun, Precision, 
SABOT/HEAT 


Gunner, Main Gun, Preci- 
sion, HEP/BEEHIVE 


TC, Main Gun, Precision, 
HEP /BEEHIVE 


Gunner, Main Gun, Range- 
Card, HEP/BEEHIVE 


Gunner, Main Gun, 
Card, SABOT/HEAT 


TC, Main Gun, Range-Card, 
SABOT/HEAT 


TC, Main Gun, Range-Card, 
HEP /BEEHIVE 


Gunner, Coax, 
Precision 


Gunner, Coax, Range-Card, 
TC, Coax, Non-Precision 
TC, Coax, Range-Card 


TC, .50 Caliber, Infra~ 
red Periscope 


TC, .50 Caliber, Daylight 
Periscope 


Range=- 


Non- 


FIRING VEHICLE 
TARGET 

TYPE 

TARGET 
VISIBILITY, 

FIRE CONTROL 
INSTRUMENT 


OBJECTIVE 
TARGET 
MOTION 


NUMBER 


GUNNER TNK/LAV SAB/HE AT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV N SAB/HEAT 


: 
f 
ri 
[ 
: 
£ 
i 
i 
; 
x 
i 


GUNNER TNK/LAV N SAB/MEAT 
GUNNER TNK/LAV N SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 
GUNNER , TNK/LAV SAB/HEAT 
GUNNER TNK/LAVY SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 


GUNNER TNK/LAV SAB/HEAT 
GUNNER TNK/LAV SAB/HEAT 


GUNNER TNK/LAV : SAB/HEAT 
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APPENDIX B 


GENERALIZABILITY AND ELEMENT-COVERAGE ALGORITHMS 


3 This appendix presents two computing algorithms. The 
4 first accomplishes the generalizability computations described 
q in the text and by Wheaton et al. The generalizability index 
is a weighted sum of the 112 behavioral element values vis a 
vis each job objective: each element assumes a value of "1" : 

if it is present in the objective, and a "0" otherwise. The fees 
weights applied to each element in order to generate the 
weighted sum vary from cluster to cluster. Each element is i 
weighted by the square of the frequency with which it occurs & 
across all objectives in the cluster of interest, represented | 
as "F2", and inversely weighted by the frequency with which i 
it occurs across the entire domain of job objectives, repre- / 
sented as "D". Thus, the weighted index is also referred to 
as "F2/D" (see Wheaton et al. for the justification for this i 
index). 
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The second algorithm is designed to examine the extent 
iy to which a selected sample of job objectives covers all 112 ' 
behavioral elements, and, further, the extent to which the | 
frequency of occurence of each element in the sample is | 
consistent with its frequency in the domain. This kind of 
: information is useful, for example, for determining the 
] goodness of fit between a sample of test or training exercises 
: and the entire job domain. 
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ALGORITHM 1---GENERALIZABILITY 


INPUT ARRAYS 


Let X = [x45] be the job objective-behavioral element 
matrix, arranged so that objectives in the same cluster are 
contiguous. X has I rows, corresponding to job objectives; 
in the present aase I = 266. X has J columns corresponding 
to behavioral elements; in the present case J = 112. 


en nee 
catenin ; eliminate 


| Let C [cy] be a K-by-1 vector containing the number of 

) job objectives in each of the K clusters. In the present 
case K = 16. The entries in C are ordered consistently with 
the order of clusters in X. The values of each cy, for the 
present case may be computed from data in Table A-1l. 


et emma mee 


WORKING ARRAYS 


i 

i 

; Let D = [dj] be a J-by-1 vector containing the fre- 

: quency with which each of the J behavioral elements occurs 
across the entire set (or domain) of job objectives. 


Let F = [£4] be a K-by-J matrix containing the frequency 
with which each of the J behavioral elements occurs within 
each of the K clusters of job objectives. 
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Let W = [wxj] be a K-by-J matrix which contains the 
generalizability weight for each element in each cluster. 


OUTPUT ARRAYS 
Let G = (gi) be an I-by-1 vector containing generalizability 


index values for each of the I job objectives. 


OPTIONS 


Let R = [rj] be an I-by-1 vector containing the rank of 
the generalizability index value for the ith job objective, 
ranking being performed independently within each cluster. 
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Let Z = [z4] be an I-by-1 vector containing the stan- 
dardized generalizability index value for the i h job objec- 
tive, standardization being performed wtihin each cluster using 
the within-cluster mean and standard deviation for the gi's 
in that cluster. 


ai nate, 


POINTERS AND INDEX VARIABLES 
( 


i ranges from 1 to I across the I job objectives (e.g. 

rows of X). 
: j ranges from 1 to J across the J behavioral elements 

(e.g. columns of X). : 
° k ranges from 1 to K across the K clusters (e.g. rows of | 

F). 

| 

t 


LL “lower limit" pointer, used to indicate the lowest job 
objective in a given cluster. 


UL “upper limit" pointer, used to indicate the highest 
job objective in a given cluster. 


COMPUTING ALGORITHM NO. 1 


Step 1.) For j := 1 to J, 
I 
d. Sa 
Step 2.) Comment: D vector is now computed. 
Step 3.) LL := 1. 
Step 4.) UL := C)- 
Step 5.) - Comment: LL and UL define the lower and upper 
limits of Cluster 1. 
Step 6.) k := 1. 
Step 7.) For j := 1toJd, 
UL 
ae := Piotag 5 


Wj := (£5 reine Se d.- 


Step 8.) If k = K GO TO Step 14. 

Step 9.) LL := LL + Cy 

Step 10.) k := k+l. 

Step 11.) UL := UL + c. 

Step 12.) Comment: LL and UL define the lower and upper 
limits of Cluster k. 

Step 13.) GO TO Step 7. 

Step 14.) k := l. 

Step 15.) i :=1. 


Step 16.) UL := c. 


J 
Step 17.) g. 3= 2 (x.. * Wy) 


Step 18.) is=i+¢l. 


. Step 19.) If i GT I GO TO Step 24. 


Step 20.) If i LE UL GO TO Step 17. 


. Step 21.) k :=k+¢1. 


Step 22.) UL := UL + Cys 
Step 23.) GO TO Step 17. 
Step 24.) Output G = [g,]- 


Optional 
Step 25.) LL := l. 


Step 26.) k := 1. 


Step 27.) Execute Algorithm RANK ( G(LL), Cyr R(LL) ). 


Step 28.) Comment: Algorithm RANK ranks cy, values beginning 
in address G(LL), and places the ranks in array 
R beginning at address LL. 


Step 29.) Execute Algorithm STANDARD ( G(LL), Che Z(LL) ). 


Step 30.) Algorithm STANDARD computes standard score values 
for the cx scores beginning in address G(LL), 
and places them in array Z beginning at address 
LL. 


Step 31.) k := k+1. 


‘ Step 32.) If k GT K GO TO Step 35. 


Step 33.) LL := LL + C(n-1) + l. 


Step 34.) GO TO Step 27. 


Step 35.) Output R = [rj]. 


Step 36.) Output Z = ({z5]. 


Step 37.) STOP 
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ALGORITHM 2---ELEMENT COVERAGE 


INPUT ARRAYS 


Let X = [x45] be the job objective-behavioral element 
matrix. x has I rows, corresponding to job objectives; in 
the present case, I = 266. X has J columns corresponding to 
behavioral elements; in the present case, J = 112. 


Let S = [s,] be an N-by-1 vector listing the job objec~ 
tives in the sample to be analysed. Each entry in S is a row 
number in the matrix X that corresponds to a job objective 
included in the sample. 


WORKING ARRAYS 


Let D = [ds] be a J-by-l vector containing the frequency 
with which each of the J behavioral elements occurs across 
the entire domain of job objectives. 


Let F = (£5) be a J-by-1l vector containing the frequency 
with which each of the J behavioral elements occurs within 
the sample of objectives to be evaluated. 


Let D* = {] be a J-by~1 vector which indicates which 
elements Occur “a least once across all job objectives in the 
domain, that is, if ds; is greater than or equal to 1, then 

a} equals 1; otherwisé aj equals 0. 


het FF" = +] be a J-by~1 vector which indicates which 
elements Occur ia least once in the sample of job objectives 
being, analysed. Thus, fj equals 1 when f5 is at least l, 
and £5 is 0 otherwise. 


OUTPUT STATISTICS 


Let PROP be the proportion of behavioral elements which 
occur in the domain (X) and also in the sample. 


Let CHISQ be a measure of goodness-of-fit between the 
frequency with which an element occurs in the domain and in 
the sample. CHISQ will be distributed as chi-square under a 
null hypothesis that the frequencies in the domain and sample 


are perfectly associated; it will have 111 degrees of free- 
dom (DF in the algorithm) in the present case (J-1), since 
all J elements occur at least once in the domain. CHISQ may 
be tested for significance ("poorness of fit"). 


pant - 


Let PHIMAX be a measure of correlation between the fre- 
quency with which an element occurs in the domain and in the 
sample. It is derived directly from CHISQ. 


POINTERS 


i ranges from 1 to I across the I job objectives (e.g. 
rows of X). 


ranges from 1 to J across the J behavioral elements 
(e.g. columns of X). 


ranges from 1 to N across the N job objectives in the 
sample (e.g. rows of S). 


COMPUTING ALGORITHM NO. 2 


Step 


Step 


Step 


Step 
Step 
Step 
Step 


Step 


Step 


Step 


Step 


Step 


Step 
Step 


1.) 


2.) 
3.) 


4.) 
5.) 
6.) 
7.) 
8.) 


9.) 


10.) 


11.) 


12.) 


13.) 
14.) 


Comment: D vector is now computed. 
For j} := ltod, 
N 
£5 c= 2X, 
Comment: F vector is now computed. 
For j := 1 to J, execute Steps 6 and 7. 
If d. GE l qj := 1 ELSE qs 7= 0. 


J 
tft, f! := 1 ELSE f! := 0. 
j GE l j . 


J J 
PROP owls (at * £3) 7 2. a. 

j=1 J J j=1 J 
For j := ltod, 


a. := a. * (N/J). 


J 
CHISQ:#r [(£, - d,)* / 4.], for a, # 0. 
j=l J J J J 


J 
PHIMAX := SQRT [ CHISQ / ‘sei f,) / (DF) ). 


OUTPUT PROP, CHISQ, DF, PHIMAX. 
STOP 
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APPENDIX C 


PROGRAM LISTING 


This appendix contains a listing of the program developed 
jointly by the project staff and the U.S. Army Research Insti- 
tute for the Social and Behavioral Sciences. This program 
accomplishes the many of the computations described in Appen- 
dix B, as well as several others. This program was written 
for a small CDC 3300 computer, and thus makes use of two 
intermediate storage units (1 and 2). The card reader or 
other input stream device is unit 60, and the output device 
(line printer) is unit 61. The program as it stands will 
handle up to 322 job objectives and 124 behavioral elements. 


For those wishing to convert this program to their own 
system, please note the following non-standard usages: 


1) DECODE and ENCODE statements are used to convert from 
character to numeric form and vice versa. 


2) Hollerith constants (e.g. "4HEND ") are used in assign- 
‘Ment statements. Other usages which are not univer- 
sally supported include the use of the "PRINT" 
statement, and the use of integer expressions as array 
subscripts. 
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"Q/ded 30 WAS ONY G/43 40 WNS YO BOVHUIS ABVHOdWIL = (2°T) = Lud 
*UV38 LBA LON 93AT193FA0 NOI Ly WidOdsaSIV4 
°QV3u AGV3U IY S3AIL939°90 NOL iv Indod23nud = (€) 
; *Q3SNNN = (Z2°L) = dOd | 
*NWI13 40 1HVd = (E) 
*§$300JS=2 40 Y30N0 TvIId3WAN = (241) = Lisos 
: "WW113 40 Luvd = (E) 
*$34y09S"Z 4341 ONTLYOS YO4 VEISV WHOM = (2*L) = Laos 
*Q3SANN = (€) 
_°3009 3A1193°8O HOVE 40 SITNOW3NW = (2¢T) = NWI'8O 
*(€*E*T) HOS $3000 JAL193rHO TL 3H = GOI'HO” 
*Q3Z1IVvW 38 Of S3SALAL93F80 3NdWYS 40 1S17 AHL — (E) 
_ °S$3U09 BAILI3CHO 3Hi gOS BOVHOLS ANWHOGWIL = (ZT) = 15197 
*(€*2*l) HOS ANGNI Guvd = 3U1LI 
°§3009 IVi93dS YISHL UNV SINQWAN3 - (Ee) 
ee NOLL ALAISIA 3009 JA1193F90 3H1 U3 gl HJOZ?Z-H10Z1 ONY 
GAZI IWNV 38 01 S3ALL93F30 YNINIVINOD 2 3114 UL LNdino 
JO 29¥eHu1S AUVaOMZL O/T 3H 40S QBY “SOHOM t It ASuIg © (2*T) = 3801SI 
wee ee 9 $39Q0D WITS LNOHLIM S3A1L93090 NUTIVINdOd 30 1SI7 BHL - (€) 
"G32 IWNY 3H OL S3U0D WID3dS HLIM S3ALL939FBO 3U ASI BH = (24) = ASIII 
°3SV8 VIVU 3H1 WOHS LNDNT = (E) 
ee UO ”.Sa4 *SISATWNY HOS eS 
N3SUA) SRATLI3CUO NI 1N3W314 HOV3 JO SSYNVHV3ddy 40 PON = (2*I) = 4 
*4N3W373 HIVZ JU NOTIdI¥9IS3O = IE) 
amg ne ae eee, cts SR R's _ 2302S JO LUV UNV* LAOS LYOS OL ANSTWAINOD = (291) © NWL73, 
*Q3SNNN = (E) 
°aSv¥ VivO 3700HM 3H1 NI 1N3W373 HOV3 JO SZINVUV3ddy 40 °ON = (2*T) = G 
( WVHOONd STHL NI O3Stl S4lOVIUVA AVUBY 4Hi SNIWIGX3 ONIMOTIOS SHI 
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TABLE D-1l 


Cross-Reference from Wheaton et al. (1978) 
Job-Objective-Numbers to Those Used 
in Appendix A 


Wheaton et al. Appendix A Wheaton et al. Appendix A 
Number Number Number Number \ 


29 
26 
14 


1 
2 
3 
4 
5 
6 
7 
8 
9 


TABLE D-1 (cont'd.) 


Cross-Reference from Wheaton et al. (1978) 
Job-Objective=-Numbers to Those Used 
in Appendix A 


Wheaton et al. Appendix A 


Number 


90 

92 

94 

97 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 


105 
120 
122 
121 
163 
164 
161 
146 
149 
144 
162 
159 
165 
160 
145 
142 
150 
143 
155 
.157 
154 
134 
137 
131 


Number 


Wheaton et al. 


Appendix A 
Number 


175 
170 
166 
171 
172 
209 
205 
204 
208 
199 
195 
210 
207 
206 
202 
200 
197 
216 
215 
214 
212 
213 
211 
192 
185 
181 
188 


TABLE D-1 (cont'd.) 


Cross-Reference from Wheaton et al. (1978) 
Job-Objective-Numbers to Those Used 
in Appendix A 


Wheaton et al. Appendix A Wheaton et al. Appendix A ° 
Number Number Number 


218 219 262 67 
219 254 263 85 


220 240 264 68 
221 255 265 80 
222 233 266 74 
223 241 - 267 89 
224 227 268 73 
225 263 269 97 
226 252 270 96 
227 264 271 101 
228 236 272 94 
229 253 273 111 
230 231 274 106 
231 259 275 109 
232 265 277 123 
233 260 278 151 
234 234 2729 140 
235 266 280 138 
236 237 281 203 
237 261 282 133 
238 250 283 141 
239 119 284 130 
241 16 285 139 
242 23 286 194 
243 40 287 198 
244 1 288 125 
| 245 8 289 148 


290 


293 
251 39 294 124 
252 2 295 127 

296 


} 
| 
| 
| 


. TABLE D-1l (cont'd.) 


Cross-Reference from Wheaton et al. (1978) 
Job-Objective-Numbers to Those Used 
° in Appendix A 


Wheaton et al. Appendix A 


Number Number 
304 244 
305 245 
306 229 
307 238 
309 256 
310 262 
311 230 
312 251 
313 224 
314 257 
315 228 
316 243 
317 226 
318 239 
319 223 
320 242 
321 225 


322 258 


